We report the numerical analysis of our experimental results for electron-wave propagation from a quantum point contact to a quantum wire. Our numerical method solves the boundary problem of a lattice model, and determines wave functions at an arbitrary site. This method also includes a recursive Careen s-function method. Our study found oscillations in the conductance, and magnetic suppression of those oscillations. For a simple model, we simulate the oscillations directly related to the channel number in the quantum wire. To understand the magnetic suppression, we investigate the dependence of the electron-wave propagation on the magnetic field using a realistic model. Numerical results show that a realistic rounded corner at the point-contact and a magnetic field could suppress the oscillations. We also discuss the transition from a classical skipping orbit with clear circular segments and focusing to a quantum edge state along a potential wall.
I. INTRODUCTION
Mesoscopic systems have interesting electrical transport characteristics due to their coherent ballistic electrons. For example, we can give the following: conductance quantization (in a point contact), ' magnetic focusing, and Hall effect for a one-dimensional (1D) crosswire. ' These mesoscopic phenomena have been measured in an artificial system with a variable confining potential. Many systems have been fabricated using submicron lithography and high-mobility twodimensional (2D) electron gas structures. In these systems, the dimensions are significantly smaller than both the mean-free path and the coherent length at low temperatures. There have also been many theoretical studies of the mesoscopic phenomena of electron-wave interference and ballistic trajectories. Conductance quantization has already been explained clearly, ' and numerical calculations have shown the ideal skipping orbit for magnetic focusing. ' Numerical analysis has pointed out that the shape of the device strongly afFects its transport characteristics. For example, the Hall effect in a 1D crosswire is defined by the shape of the crossing. ' '" Other examples have predicted the chaotic resistance In this paper, we present a numerical analysis of our experimental data for the mesoscopic system. We detail the dependence of the transport characteristics on the subject's shape. We measured the transport characteristics of a device with a point contact and a reflector. ' Fig- ure 1(a) shows our device and circuit when we measured the point-contact resistance. The device was fabricated on a modulation-doped
Al Ga& "As/GaAs heterostructure epilayer. The mean-free-path length was 4.5 pm and the Fermi wavelength was 44 nm at 0.34 K. This device's dimensions are less than the mean-free-path length; the electrons are expected to move in this device nearly bal- listically. The measurement temperature and applied current were low; therefore, the phase coherence length is expected to be comparable to the device's dimensions. ' Figure 1(b) shows both gate structures and the depletion regions. The electron gas system confined by these depletion regions has a T-shaped configuration that consists of a point contact and a quantum wire along the reAector.
The point-contact opening was fixed, as it has a maximum of two channels. That is, we fixed the voltage applied to the split gate. The shaded region in Fig. 1(b Fig. 1 (a) . For monitoring the channel number in the wire, we also measured the four-terminal quantum wire conductance, where we coated two terminals at the left side in Fig. 1(a) . The point-contact resistance in Fig. 2 (a) 18 is periodic where there is no magnetic field, and the periodicity relates to the channel number in the wire, as evident from the quantum wire conductance in Fig. 2 We can investigate the transport phenomena in mesoscopic systems by using the Landauer-Biittiker formula. ' To obtain the conductance, we have studied a numerical method for calculating stably transmission coe%cients. ' We now explain how the method expands to a 2D square lattice model by considering a quantum wire.
The quantum-wire lattice model consists of a scattering Point-contact resistance with osci11ations. (b) Conductance of the quantum wire, where we floated two terminals at the left side in Fig. 1(a) . The conductance quantization means monitoring the 1D channel number in the wire. The oscillations are completely suppressed by a magnetic field. Nevertheless, the conductance quantization remains while in the magnetic field. 
. (2 14) In the following discussion, the column vector u is normalized as~~u~~=1. The whole wave function from one outer region to another is simply solved by using Eqs. (2.8) -(2. 10). We can also obtain the transmission probability (t")from the incident channel m with velocity v to the outgoing channel n with velocity v".In terms of the transmission probability, the conductance 6 of the system is obtained from a multichannel version of the Landauer-Buttiker Note that the above equation is extremely unstable in general. We stabilize it by using the following iteration technique: Fig. 1(a) , the three-terminal formula can be reduced to the two-terminal formula, because the chemical potential of a terminal in wire B is equal to that of another terminal in wire 8 (see Fig. 4 Fig. 1 and wire B is the quantum wire in Fig. 1 .
III. T-SHAPED STRUCTURE WITH ABRUPT CONFIGURATION
We measured the oscillations of conductance for a point contact with a reflector as shown in Fig. 1 . ' To understand a property of the oscillation, we initially try calculating the conductance of a T-shaped structure with a hard-well potential and an abrupt configuration initially.
It seems that the complex multiscattering of electron waves rarely occurs in this structure, compared to a realistic structure. Therefore, we can easily derive a simple picture of the oscillation in the simple T-shaped structure.
As shown in Fig. 4 second channel in wire 3, the conductance, of which the oscillation becomes smaller, is higher than through the first channel [see Figs. 5(a) Figure 6 shows the conductance contributing to each channel in wire B, related to Fig. 5(a) . As is evident from Fig. 6 We also assume that the connection between wire 2 and wire B has a rounded corner. As shown in Fig. 9(a) FICr. 10. Conductance from wire A to wire B by changing L.
We set the Fermi wavelength A, F =10 and assumed a realistic structure with W=141, A~=62, and M=SO [see Fig. 9(b) ]. (a) Injecting electron wave through the first channel and (b) through the second channel. (c) The channel number in wire B.
The conductance clearly shows oscillations for a period of forming channels below the Fermi level in wire B, when the parameter L = 100 -140 (115 -140) for case (a) (L =80-100), the conductance oscillation is random.
This might be similar to random transport of the socalled "chaotic cavity. "' ' ' When L )100, the oscillations are clearly periodic. We then investigate the conductance contributing to each channel in wire B when L =115-130. As shown in Fig. 11 , a channel just below the Fermi level contributes to the total conductance. The conductance also distributes other channels under Fermi energy more widely than in the case of Fig. 6 . In Fig. 12, we show the position probability for the realistic structure. These figures show the differences between L =116 (matching case) in Fig. 12 Fig. 12(b) . They also show the complex scattering phenomena.
The realistic geometry leads to difhculties in the physical interpretation of the oscillations. Note that the complex scattering cannot suppress the periodic oscillation.
Contrary to the properties in no magnetic field, the realistic structure can show a simple picture for the magnetic suppression. Figure 13 Channel number tron waves through magnetic fields in a realistic structure with a rounded corner is different from the propagation in an abrupt structure. Figure 17 shows the conductance contribution at each channel in magnetic fields for the realistic structure. In spite of deAection by magnetic fields, the rising current in the infinite wire is smaller than the sinking current when R, /kF =20. This is that multiscattering for both round- 18(b) , the magnetic field almost guides the injected electron wave along the wall. The propagation, however, leaves both an incomplete skipping orbit and obvious magnetic focusing, ( specially for injection through the second channel in Fig. 18(b 
